ABSTRACT. Corynebacterium pseudotuberculosis, a Gram-positive intracellular pathogen, is the etiological agent of caseous lymphadenitis or CLA. This bacterium infects goats and sheep and causes great economic losses worldwide annually, mainly for goat producers. Despite its importance, CLA is still poorly characterized. However, with advances in the genomic field, many C. pseudotuberculosis genes have already been characterized, mainly those related to virulence such as phospholipase D. Here, we examined the use of the several available genes of C. pseudotuberculosis and reviewed their applications in vaccine construction, more efficient diagnostics for CLA, and control of this disease, among other applications.
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INTRODUCTION
The genus Corynebacterium belongs to the group of actinomycetes that includes the CMN group (Corynebacterium, Mycobacterium, Nocardia and Rhodococcus species) (Hard, 1969; Songer et al., 1988; Songer, 1997; Paule et al., 2004; Dorella et al., 2006a) . These Grampositive bacteria constitute a very heterogeneous group that shares particular characteristics, such as a specific cell wall organization (Hard, 1975; Funke et al., 1995; Collins et al., 1982 Collins et al., , 1998 Connor et al., 2000; Bayan et al., 2003; Hall et al., 2003; Dorella et al., 2006a) and high G + C content (47-74%) (Garg et al., 1985; Goodfellow, 1989; Funke et al., 1995; Navas, 1996; Dorella et al., 2006a) . Belonging to this group is Corynebacterium pseudotuberculosis, an important animal pathogen and the etiological agent of a disease called caseous lymphadenitis (CLA) (Williamson, 2001 ).
This disease is spread worldwide, and its considerable economic importance (Williamson, 2001; Paton et al., 2003) has prompted investigation of its pathogenesis. However, the genetic determinants of C. pseudotuberculosis virulence are still poorly characterized (Dorella et al., 2006a) ; moreover, this species has only 19 proteins identified in the GenPept database as shown in Table 1 and about 1230 genomic survey sequences (Dorella et al., 2006b ) already deposited in the GenBank database. The majority of these genes belongs to virulence factors, or modulate positively virulence genes or encode virulence factors that confer pathogenic characteristics to C. pseudotuberculosis. For this reason, virulence genes are targets for the development of new vaccines and more efficient therapies and diagnostics in the control of illnesses, mainly CLA which is still managed by rudimentary prophylaxis. In this study, we conducted an overview of the cited genes, as well as their application in helping to control CLA.
GENES AND THEIR APPLICATIONS

Phospholipase D: virulence factor
After the report of Hodgson and colleagues (1990) about the nucleotide sequence, cloning and expression of C. pseudotuberculosis phospholipase D (pld) gene, several studies about this gene were conducted. Phospholipase D (PLD) has for some years been implicated as the major virulence factor of C. pseudotuberculosis (Hodgson et al., 1999) . The pld gene encodes an exotoxin (Burrel, 1983; Hodgson et al., 1994 ) that probably promotes bacterial dissemination, increasing vascular peret al., 1994 ) that probably promotes bacterial dissemination, increasing vascular per-1994) that probably promotes bacterial dissemination, increasing vascular permeability (Egen et al., 1989; Cardenas and Clements, 1992; Hodgson et al., 1994) through the hydroet al., 1989; Cardenas and Clements, 1992; Hodgson et al., 1994) through the hydro-1989; Cardenas and Clements, 1992; Hodgson et al., 1994) through the hydroet al., 1994) through the hydro-1994) through the hydrolysis of ester bonds in sphingomyelin in mammalian cell membranes following infection (Carne and Onon, 1978; Lipsky et al., 1982; Coyle and Lipsky, 1990; �ached�ian et al., 1995; Navas, 1996; �am-1978; Lipsky et al., 1982; Coyle and Lipsky, 1990; �ached�ian et al., 1995; Navas, 1996; �am-et al., 1982; Coyle and Lipsky, 1990; �ached�ian et al., 1995; Navas, 1996; �am-1982; Coyle and Lipsky, 1990; �ached�ian et al., 1995; Navas, 1996; �am-et al., 1995; Navas, 1996; Tam-1995; Navas, 1996; Tambourgi et al., 2002; Dorella et al., 2006a) , beyond enabling the bacteria to escape from neutrophils, and impairing neutrophil chemotaxis toward the site of infection (Yozwiak and Songer, 1993) .
Several studies have been carried out involving the biological activities of C. pseudotuberculosis PLD, as well as its molecular structures, and results have shown similarities with sphingomyelinases present in the venom of the medically important spider genus Loxosceles (Bernheimer et al., 1985; Songer, 1997; Tambourgi et al., 2002; van Meeet al., 1985; Songer, 1997; Tambourgi et al., 2002; van Mee-1985; Songer, 1997; Tambourgi et al., 2002; van Meeet al., 2002; van Mee-2002; van Meeteren et al., 2004; Binford et al., 2005) . Unlike diphtheria toxin, which occurs in about half of the isolates of C. diphtheria (Saragea et al., 1966; Toshach et al., 1977) , PLD probably is characteristic of most or almost all strains of C. pseudotuberculosis and C. ulcerans and have not been found in any other Corynebacteria (Barksdale et al., 1981) .
Due to the immunogenic characteristic of the PLD, it has often been used as a tool in vaccine development against CLA. The vaccines that are currently produced for control of CLA generally use formalin-inactivated PLD-rich C. pseudotuberculosis culture supernatants because PLD is considered to be the major protective antigen (Pizza et al., 1989; Johnson and Nicholls, 1994; Hodgson et al., 1999) , or they use DNA as vaccine (De Rose, 2002) . Although a comet al., 1999), or they use DNA as vaccine (De Rose, 2002) . Although a com-1999), or they use DNA as vaccine (De Rose, 2002) . Although a commercial vaccine is already available, it is thought that conventional attenuated vaccines are still more advantageous as they offer better long-lived humoral and cytotoxic T-lymphocyte responses (Davis et al., 1996; Chaplin et al., 1999) with only a single dose in mice (Chaplin et al., 1999) . Hodgson and colleagues (1994) used a strain of C. pseudotuberculosis with the pld gene deleted from the chromosome and showed that a single subcutaneous vaccination of this attenuated strain, Toxminus, protected sheep against wild-type challenge (Hodgson et al., 1992 (Hodgson et al., , 1994 . Pacheco and colleagues (2007) used the pld gene to develop a multiplex PCR assay that also included the rpoB and 16S rRNA genes. This methodology allowed to differentiate C. pseudotuberculosis from other closely related species of Corynebacteria such as C. ulcerans and C. diphtheriae (Dorella et al., 2006a) , thus supplying an accurate diagnostic method for CLA directly for clinical use.
AroB and aroQ: amino acid biosynthesis
Dehydroquinases are enzymes involved in the shikimate biosynthetic pathway. Amino acid biosynthesis was described mainly in Escherichia coli (Kleanthous et al., 1990 ) from which the dehydroquinases have already been purified (Chaudhuri et al., 1986) , cloned, sequenced, and overexpressed (Maskell et al., 1988) . These enzymes consist of three constitutively expressed subtypes: a monofunctional form (Berlyn and Giles, 1969; Chaudhuri et al., 1987) , a bifunctional form found in plants and a multifunctional form of dehydroquinase, which is a large polypeptide (Kleanthous et al., 1990) . Kim et al. (2006) reported the presence in Mycobacterium tuberculosis of such enzymes which are essential for the biosynthesis of phenylalanine, tyrosine, tryptophan (Garbe et al., 1991) , and other aromatic compounds in bacteria and other organisms such as fungi, algae and plants, but they are absent in mammals (Haslam, 1993; Kim et al., 2006 ). An advantage of the non-occurrence of these enzymes in mammals is the possibility of the development of new drugs (Cole et al., 1998; Camus et al., 2002; Kim et al., 2006) .
Several pathogens have been attenuated by mutations in the aromatic amino acid biosynthetic pathway such as some Salmonella ssp (Hoiseth and Stocker, 1981; Levine et al., 1987; Schijns et al., 1994) and other pathogenic bacteria. Thus, Simmons and colleagues (1997) obtained C. pseudotuberculosis strains that lack virulence through attenuation of aroB and aroQ gene, using allelic exchange. Such strains were unable to cause CLA in murine models, suggesting its use as vaccine vectors and a potential attenuated vaccine in the control of CLA (Simmons et al., 1998) .
FagA, fagB, fagC and fagD: iron uptake
Iron acquisition is one of the most important factors for bacterial survival during infection in the host environment (Brown and Holden, 2002) . This mechanism has been widely described in Gram-negative bacteria and also in Gram-positive bacteria, where several papers have been published on the molecular basis of iron uptake (Heinrichs et al., 1999; Brown et al., 2001a,b) .
Studies in Staphylococcus aureus have reported some genes and pathways involving iron uptake and the search for the presence of siderophores (Courcol et al., 1997) and systems using ABC transporters of three compounds (Heinrichs et al., 1999; Sebulsky et al., 2000; Vera-Cabrera et al., 2001; Sebulsky and Heinrichs, 2001) . A common characteristic of the ocet al., 2001; Sebulsky and Heinrichs, 2001) . A common characteristic of the oc-2001; Sebulsky and Heinrichs, 2001) . A common characteristic of the occurrence of genes encoding iron transporters is their location in pathogenicity islands (PAIs), where there is evidence of horizontal transfer (Brown and Holden, 2002) . PAIs have also been described in Gram-positive organisms such as C. diphtheriae and S. pneumoniae, where C. diphtheriae possesses a gene (IRP1) homologous to the ABC transporter gene (pia) involved in iron uptake in S. pneumoniae, located inside a PAI (Schmitt et al., 1997) .
Wennerhold and colleagues (2005) identified a protein DtxR, which is involved in the regulation of iron uptake, mainly in high GC Gram-positive genera [e.g., Corynebacterium, Mycobacterium and Rhodococcus (Tao et al., 1994; Rodriguez and Smith, 2003)�, and moduet al., 1994; Rodriguez and Smith, 2003)�, and modu-1994; Rodriguez and Smith, 2003 )�, and modulates the expression of siderophores and other compounds in the iron acquisition pathway.
However, in C. pseudotuberculosis, Billington and colleagues (2002) described an operon (fagABC) with 32-47% identity to proteins involved in bacterial iron uptake systems such as ABC transporters which confer to C. pseudotuberculosis persistence in a goat infection model. Present in this operon are four genes: fagA, fagB, fagC, fagD, located downstream from the pld gene. An approach used to study such genes was the fusion of the operon to lacZ gene to evaluate expression. It was observed that the operon was poorly expressed in iron-rich media, and in ironlimited media, the expression of β-galactosidase activity was increased about 3-fold, suggesting that the expression of this operon appears to contribute to the virulence of bacteria.
Heat shock proteins: chaperonin immunogenicity and vaccine development
Heat shock proteins (HSPs) are one of the most highly conserved group of proteins among organisms (Qamra et al., 2005) . They were initially described as being involved in thermal stress, but it is currently known that HSPs participate in other events such as nutrient depletion, hypotaxia, metabolic disruption, viral infection, transformation (Young and Elliot, 1989; Morimoto and Milarski, 1990; Young, 1990; Kultz, 2005) , and other cellular processes. Chaperonin proteins are found in almost all organisms (if not all) (Braig, 1998) and are classified into six families: Hsp10, Hsp40, Hsp60, Hsp70, Hsp90, and Hsp100. However, in prokaryotes, the HSPs most characterized are hsp60 (groEL), hsp70 (dnaK) and hsp10 (groES) (Eom et al., 2005) , and in the Corynebacterium genus two paralogue genes of hsp60 have been described (Barreiro et al., 2004) .
Studies conducted by Coelho KS, Miyoshi A and Azevedo V (unpublished data) characterized and isolated for the first time the hsp10 and hps60 genes of C. pseudotuberculosis. It is known that the ma�ority of HSPs are able to promote a humoral and cellular response, and therefore, they have immunogenic properties. Based on this information, the same research group tested an hsp60 DNA vaccine and a recombinant protein subunit vaccine in challenges in mice and obtained a significant production of specific IgG.
RecA and rpoB of Corynebacterium pseudotuberculosis: diagnostics and phylogeny
The protein RecA is present in eubacteria in general and is a highly conserved protein among bacterial organisms (Roca and Cox, 1990; Clark and Sandler, 1994; Kowalczykowski et al., 1994) . It participates in homologous recombination, DNA repair, and the SOS response. Specifically, it binds stretches of single-stranded DNA and unwinds duplex DNA (Karlim et al., 1995) . In this context, Pogson et al. (1996) generated isogenic mutants of C. pseudotuberculosis where the recA gene was mutated. As a result, a 10-to 12-fold reduction in recombination was obtained in the mutants compared with the parental strain, suggesting its use as a vaccine vector.
The rpoB gene is responsible for encoding the β-subunit of DNA-dependent RNA polymerase (Severinov et al., 1996; Ko et al., 2002) ; however, there are several lines of eviet al., 1996; Ko et al., 2002) ; however, there are several lines of evi-1996; Ko et al., 2002) ; however, there are several lines of eviet al., 2002); however, there are several lines of evi-2002); however, there are several lines of evidence suggesting its relation with rifampin resistance (Kim et al., 1999) . Recently, rpoB sequences were used as an alternative tool for determining the phylogeny of some enteric bacteria (Mollet et al., 1997) , Borrelia (Lee et al., 2000; Renesto et al., 2000) , Mycobacterium (Kim et al., 1999) , and Bartonella (Renesto et al., 2001) . Dorella et al. (2006a) used the rpoB and 16S rRNA genes to build a phylogenetic tree of the Corynebacterium genus. This study showed that C. pseudotuberculosis is more closely related to C. ulcerans than to C. diphtheriae, suggesting that C. diphtheriae diverged from both at some time.
Novel protein of Corynebacterium pseudotuberculosis -CP40: other secreted toxin?
A novel gene of C. pseudotuberculosis discovered by Wilson et al. (1995) , CP40, encodes a protein with a molecular weight of 40 kDa and length of about 351 amino acids. Preliminary characterization of the CP40 protein revealed that it is probably a serine protease, although it did not have any homology with motifs of other serine proteases in database searched. Perhaps this absence of homology has occurred because CP40 is intrinsic to C. pseudotuberculosis. This protein showed biochemical similarities with the protein PLD. Both are hydrophobic (von Heijine, 1983 (von Heijine, , 1985 and have a leader sequence containing an Ala-x-Ala cleavage motif at the C terminus. This protein was found in C. pseudotuberculosis culture supernatant, indicating that it is probably secreted (Walker et al., 1994) .
Approach of the gene content of Corynebacterium pseudotuberculosis: perspectives
Currently, there are great advances in genomics, mainly in the optimization of sequencing techniques, which means that sequencing has become less expensive and more accurate. A massive deposit of sequences such as genomic sequence survey in public databases has facilitated searches for homology and prediction of novel genes. Through these advances in the genomic field, we aim at using such tool for the discovery of new genes, new diagnostics and more efficient vaccines for CLA control. Moreover, genomes of several Corynebacteria ssp are widely available, where this information can be used in comparative genomics to help gain better insight into gene content and genomic organization of C. pseudotuberculosis.
